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i The data reported herein were obtained during the experimental phase , 

I 
t 

' 

j 

' I 
l 
l 

' J 
I 
L ; 
' I I 

of a study authorized by the Office, Chief of Engineern (OCE), as a part 

of R&D Project 8 -12-10- COl, "Effect s of Nuclear Heapons on Terrain and 

Engineering Structures '' (fiscal year 1957 ). .During fiscal year 1958 i t 

is anticipated that these data, in a more extensive f orm, will be applied 

by Mr. C. H. Livingston, of Barodynanlics, Inc., to his empirical approach 

to the cratering problen and that the conclusions reached. by Mr. Livingston 

will be published l .ter. In order to ~ake the test reGults avai lable at an 

earlier date, it is believed desirable to publish them in a form considered 

more or less conventional for presentir~ cratering-type research. 

The experimental tests, along with the data reduction, were ac­

complished during the period ~~ch 1956-May 1957 by personnel of the Hy-

draulics Division, U. s. Arrrry Engineer Hater-ways Ex:perir.:ent Station 

(USAEWES), under the general supervision of Messrs. E. P. Fortson, Jr., 

and F. R. Brown. The study was made by personnel of the Special Investi­

gations Section under t he direction of ~~. G. L. Arbuthnot, Jr., assisted 

by Mr. J. N. Strange. Test OFerations and data analysis were performed 

by M~ssrs. J. lvt. Pinkston, Jr., and s. E. Bartlett. 

The comments and suggestions of ¥~. C. W. Livingston, during the 

early phase of the test program, are gratefully acknowledged. 

33048 
<Ill 1111114 I 1£ 
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41 
This study -ms ffia4e in an effort to evaluate t^je cratering effects 

of charges placea hoth kt aM below the alT-gmind interface? vith em- 
phasis on the.deepl:/ buried charges.    Coaiposition C-k cfe^rges of l/Qf 
l/2, 1, asid 6 lb were fired in howgenecus deposits of loess and el®&. 
The resulting craters aad eaajouflets were carefully surveyed by conven- 
tional methods.    From the test results it was d.etsr«ßln®d that;    (a) the 
Optimum cliarge depth X   occiirred within a i-ange of scaled depths of burial 
si^ch that -2.5 > X   > -2.75l (b) caiaouflets mte formed in both the loess 
and clay soils wheE the scaled de|>th of burial X   was below spproKimtely 
-3.2; and (c) the geoiaetry of the eainouflets was'essentially spherical. 

V 

■    : - . , ■ ■ ..... . . ; . . ..... 

« 
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CRATmiNG EFFECTS OF SURFACE AND BURIED HE CHARGES IN LOESS AND ClAY 

Introduction 

1. This study was made in an effort to determine the cratcring ef­

fects of charges positioned both at and belmr the air-ground interface, 

with emphasis on the deeply buried charges. A total of 85 shots were 

fired. The charges were buried at various depths within the range 

O> ~ > -14. In addition, the permanent radial displacements at the 
c 

ground surface were also measured. 

2. !be cratering tests were made in two types of homogeneous soils: 

loess and clay. The tests in the loess soil were conducted in an area in 

the northeast portion of the WES reservation. The loess deposits in this 

locale are extensive and unusually homogeneous. Similar tests in clay3* 

were accomplished at the WES Big Black test site located about 10 miles 

southeast of Vicksburg, Mississippi. 

Test Conditions 

Properties of the 
loess and c1ay materials 

3· The follo~~ng tabulation presents the average properties of the 

loess and clay materials a s determined front a number of similar samples. 

'The Atterberg limits were obtained from a total of eight samples, three 

from the clay material and five from the loess material. Density and 

moisture-content samples were taken before each shot at a depth corre­

sponding to the depth of burial of the charge. The values listed are the 

averages of the individual observations: 

Density Moisture Content Atterberg Limits 
lb/cu ft 1o LL PL PI -

Clay 117 20.8 43.0 23.0 20.0 

IDess 113 19.0 44.8 24.3 20.5 

-----------------------------------------------------------------------* Raised numerals refer to items in the list of references that follows 
the text of this report. 
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The two materials manifested only small variations within the resp~ctive 

test areas. The density samples exhibited a scatter of approximately =5~, 

while the moisture-content samples showed about 10% variation. 

4. The results of mechanical analyses are shown in fig. 1 for both 

the loess and clay materials. The similarity of grain size is apparent; 

however, as the plot indicate::;, the loess is the finer g:·s:Lfned of the two 

materials. 
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Fig. 1. Gradation of l oess and clay soils 

Test charges 

5. A total of 59 shots were fired in the loess rraterial and 26 in 

the clay material. All charges ,.,ere cylindrically shaped and were band­

pack':!d from bulk supply of co1~1pos i tion C-4. The various weights and di­

mensions are described in the following tabulation: 

Dinensions of Charge, ft 
Cha.rRe He ir.;ht, l b Heir.;ht, H Diameter, D 

l/8 0.12 0.12 

l/2 C. 19 0.19 
1 0. 21~ 0 .24 

8 0 . 47 0.47 



~ese charges were ~ositioned at reduced depths which varied from A = 0 c 
to l = -14.0, the minus sign denoting FOSitions below the air-ground 

c 
interface. 

Test Procedures 

6. The holes in the respective materials, in which the charges were 

placed, were bored to the proper depth (Z + 1/2 H) by means of earth 

augers of various sizes (diameter slightly larger than the corres~onding 

charge diameter). After the charges were placed, the access holes were 

carefully backfilled by hand-tamping the ~aterial to about the same 

density a~ the surrounding soi l. The charges were then fired using a 

Corps of Engineers special electric blasting cap as the detonator. 

1· SOunding of the resulting crater or camouflet* boundary was ac­

complished by carefully cutting a trench along a diameter of the crater or 

3 

· camouflet to a depth sufficient to expose the limits of complete rupture. 

!be various profiles (apparent crater, true crater, complete rupture limita­

tions, or camoufiet) were then sounded using conventional crater-sounding 

techniques. These methods have been described in detail in other ~ffiS 

pUblications.2 Crater and camouflet nomenclatures are shown in plates 

1 and 2. 

Test Data 

8. Table l lists the dimensions of the craters formed in loess, 

table 2 presents similar inforuation for clay, and table 3 presents perti­

DeDt measurements associated with th~ caw~uflets in both loess and clay. 

Plots of the apparerJt craters, the true craters, the complete rupture zones 

(Where definable), and the cross-sectional geometry of the camouflets 

(vbere applicable) are shown in plates 3-41. Only the half-crater profiles 

are shown; these, however, were derived as an average of the total profile. 

~ boundaries of the various craters were determined by averaging the ap­

propriate measurements obtained along a diameter. of the crater/camouflet. 

Photographs of typical craters are presented in figs. 2-10. 

* The hollow sphere formed underground when a charge is detonated suf­
ficiently deep so that the void created does not breach the surface. 



Fig. 2. Before trenching, shot 22 (l.c = -1.50) 

Fig. 3· After trenching, shot 22 (1 : -1.50) 
c 



Fig. 4. 

Fig. 5. 

. ... . ''i:ot'-' 
.. . .• ·-1' .. ., <--. ~-~· ·~ 

~ r ~'~-
-~- . . ·, .. .. 

\ 
.. . ' • 

Before trenching, shot 33 (A = -2.75) c 
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Fig . 8. Before trenching, shot 32 (A = - 3.25) c 
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Fig. 10. 
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- I . -·· 

Af t er t r enching , slto t 20 ( ~ = - 4 . 0 ) 
c 

9· Since the nUJ:Jber of r e :r-ce.ted shots was li~:~ited, it is difficult 

to ascertain t he reproducibility of t he resul ts . The following values 

vrere detert:tined from a cursory study of t b.c scatter assoc i ated with the 

mass of craterir.g data obtainccl . The values listed describe t he aver age 

scatter ranges not ed f or each dltr.ension . 

Crater Din:e nsion Aver a1;e nange of Scatter, '/o 

Depth, d c:. :-:idth1 H 
a 

Depth, dt 
· • . 1idth1 Wt 
VoL.u~.e , V t 

Anparcnt Crat e rs 

True Craters 

Car.:ouf1c t s 

Horizontal clia:::eter, D
1 

Ver tical d i a r:.ctcr, D · 
v 

Vo l UJ:1e 1 V 
c 

"-15- 50 
~~0-50 

~.3 - 5 
+10-15 
"+l0- 20 

_::3- :i 
_:3- 5 
+10- 20 

It should be noted that the prc ::;encL· vl r c l a t i ·.rc l y l urc c clads of the loe ss 
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or clay material within the crater cavity my seriousls? affect the consist- 

ency of measurements when apparent crater dimensions are being analysed. 

Examination of figs, 2, k, 6,  and 8 illustrates this condition. 

Discussion of Test Hesults 

. 

Variables that affect craterinp; 
i HIHI» Wfcin I     H  I I     Ill pilM  WHInillWMIilllllilWIIIMPBIWimiWi 

10. The variables normally considered of major importance ir cater- 

ing are: properties of the explosive used, weight of charge, strength 

properties of the earth material, ar>d position of charge with respect to 

the air-ground interface. Since C-4 was used exclusively as the explosive, 

no variation in explosive properties is considered in this report. Because 

of the restricted range of charge weights used, the effect of varying the 

charge weight on the size crater formed could not be experisientally deter- 

mined with a suitable degree of confidence! therefore, cube-root scaling 

was assumed to describe the charge weight effect. As previously mentioned, 

two types of soils were used and the effect of soil type Is. evaluated by 

comparing the results obtained in the eijtj  with those obtained in loess. 

The position of the charge is the most critical variable ih  this sWj. It 

exerts the greater influence on the determination of crater shape and size. 

Effect of soil type 

11. A, comparison of the densities, moisture contents, and cohesive 

properties c£  the two materials shows that they are remarkably similar 

(nee table in paragraph 3). When the cratering effects obtained in the 

two materials (tables 1, 2, and 3) are compared, it is difficult to de- 

lineate which material developed the larger crater as a result of similar 

shots. For example, where direct comparison of the crater dimensions in 

loess and clay is possible, the linear dimensions of the true craters were 

found to differ oy less than 5^ in most cases( Since the pattern of 

scatter previously discussed in paragraph 9 indicates a spread of roughly 

5 to 15^, it is concluded that little or no effect on cratering resulted 

from material variation when linear dimensions are considered as the basis 

of comparison. When the true crater volume is used as a basis of ccrapari- 

son, there is an indication that craters produced in clay were larger 

than those in loess for identical shot geometries. 

^-.».»-..„rtfc^,^^^-^ •...--—•«*•**•«. 

■. 

"XSw-iJi,:   ri^Ä.*iK-ivi*~.- :.v,?'•;'%;;'-- 
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Bf'fect of charge 
position on cratering 

12. Cratering range• 'Dle range of charge positions tbat produeed 

the conventionally shaped crater (concave UPll&.rd) was confined to the 

range of charge positions where A ~ -2.0 in the case of the apparent c 
crater un to A ~ -3.0 in the case of the true crater. 'nle profile of a c 
typical crater is illustrated in plate 1. The following paragraphs 

describe the manner in which varying the charge position atfects the mag­
nitude of the resulting crater. 

13. Apparent crater depth. The apparent crater-capability curve* 

tor depth (d~ vs Ac) is shown in plate 42 for both ~he loess and clay •te­

rials. 'lbe curves indicate silllilar trends in both media. These data in· 

dicate that if they vere used to predict results of future tests the ap­

parent crater depth could not be predicted closer tban +5~. Other cra­

tering studies involving the use of heavier charges bav·e indicated a raage 

of scatter in the order of .:!;25~. Both curves indicate that the ma.vjmum 

apparent crater depth resulted vben the charges were placed at about 

l • -1, and that the maximum height of the earth dome (positive values of c 
d and d'), resulting from a bulging upward of the earth mass, occurred a a 
when the charges vere positioned such that A waa about -3.0 to -3·5· No c 
evidence of surface failure or measurable upvard displacement at gro\Uld 

zero was associated vtth charges placed at A = -10 or below. c 
14. Apparent crater width. The crater-capability plot for apparent 

crater width (plate 43) convincingly shows that the crater width is much 

less consistent than tbe crater depth. It was believed inadvisable to at­

tempt to draw a curve through the plotted points. The major reasons for 

these inconsistencies were poi·nted out in paragraph 9· In spite of the 

inconsistencies, the plots indicate that the apparent crater width in­

creases with depth of burial of the charge to the point where Ac is about 

-4.0. Below this depth of burial, the apparent crater width describes the 

diameter of the earth dome created by the bulging upward of the earth mass. 

When A is about -10, no evidence remains to indicate residual displacement 
c 

or a mgnitude sufficient to varrant measurement. 

* A crater-capability curve is any plot of a reduced crater dimension 
versus reduced charge position, e.g., d' vs A, w' vs A, dt' vs A 1 etc. a c a c c 
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15«.    Trvtö cmter depth,    Sfi© tru© crater-capsbility curve for deptb, 

is presented lii plate Mi«    Stesa plots show tlmt trus craters ^ere obtaiasd 

over the range of cterge ponittom äefismä hy 0 > X  ^ -3*2.   Over this 

rangej, a linear x,elstic;i;:rJ..|) esdsfce bettreen tlJ© true crater depth snd the 

depth of burial of the clsarge»   ÜMs vari/ätioa is described by the 

eqmtions, 

1 
1 ■ 

d^ « -0.8Ö + 1«06 Xc (li^sa) (1) 

d^ - -O.95 + l*<& \ (clay) (2) 

5 

for the loeas aM cl^r soil s^terial®, respectively. For estimtiij^^^ina;- 

poaes« it is cooveaieot to assuss the regression coefficients eqwsl to 1, 

as in the follovlnfi; expression^ 

di « -1 ■»• X^ (3) 
t      c 

Ignition 3 say be altered such that^ 

Siiaplifyingi 

dt " -^fc + Z (5) 

Sine© X miä   Z   enrs alws ne^tlve for charges positioned below ths air- 
c 

©roui^ interface,, then dt will also be ne®ative5 indicating that the crater 

is concave upward @M tbat the bottom of the crater lies below the original 

ground level» frofs equation 5?  it is obvious tlmt the depth of a trse 

crater in loess & clay say be eßtiss&ted by adding the cube root of the 

charge wai^it to the actual depth of burial. Siailar analysis of resulta 

obtained fross trua crater rasasuremsnts in a sand-gravel mixture (see dashed 

curve, plate kk) shows that true crater depth is closely approximated by 

...   ...  :  .. 



1.2 

(6) 

tar values of 0 > lc > -1.0. When this equation is a}8ebraically modified 

so ~ to be similar to equation 3, the following results: 

(7) 

Comparison of equations 1 and 3 over the range 0 > l ~ -3.2 indicates tbat c 
craterin8 in a sand-gravel lllixture (Nevada Test Site) is less extensive 

I 

depthv1se than in loess or clay. Fig. 11 shows a comparison of' the reduced 

t.o .._ ____ ....., ____ ...... ____ __. 

0 _, -z _, 

crater depth in loess or 

clfq (equation 3) to the 

same dimension in a sand­

gravel mixture as a func­

tion of' lc. The term 

is actually the so-called 

"soil factor" for true 
Fig. 11. Soil factor (for true crater depth) 

as a function of' reduced charge position crater depth. Fig. 11 in-
dicates that the soil 

factor varies with depth of' burial of' the charge and that the maximum ef­

fect of the soil type on the crater depth is obtained when the charge is 

placed at the ground surface. 

16. True crater width. The ~rater-capability curve for true 

crater width (plate 45) is characterized by considerable scatter and 

iDdicates o~ general trends. The date. indicate that the width re­

•ins essentially constant for charges placed such that -1. 5 > lc > -3. 5. 
Over the r&IJ8e 0 > l > -1.01 tbe data from AFSWP 290 shov similar 

~ 

treDds tor the sand-gravel mixture. The true crater width in tbe sand-

gravel •terial is less than the width of' the true crater in loess or 

cl.q over the l"&I8e ot charge positions where direct comparison is 

pos&1ble. If' the sand-gravel curve (plate 45) is extrapolated, 

.. 
~ . - . ·. 
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tben it is possible to construct a soil factor for true crat er ~idth 

ys >. curve as show in fig. 12. 
c 

This plot shows that the cra ter 

width is much less sensitive 

to variation in soil type 

tban is the crater depth. 

Alain the soil variation ef-

teet was a traximum when the 

charge was placed at the 

surface. 

17. True crater 

volume. Examination of the 

data listed under the 

columns headed v t and v t in 

tables 1 and 2 suggests 

RANGE OF'\, 

_, 

AVERAGE OF 
LOESS OATA 

-2 

I 
Wt 

lc 
I 

Wt •• 

2.0 

1.0 

0 
_, 

-2 -3 

Fig. 12. Soil factor (for true crater width) 
as a function of reduced charge position 

_, 

that the depth of burial of the 

charge {>.
0

) that produced the 

maximum true crater volume lies 

in the range -2.5 > >. > -2.75, 
c 

as shown graphically in fig. 13. 

Effect of charge 
~osition on camouflet 

18. Carr.ouflet range. 

Camouflets were formed in 

every instance where charges 

were buried at scaled depths 

below about a A of -3. 0. The 
c 

minir.ium scaleu depth where a 

full can:ouflet ,.,as formed was 

observed for the c~se '\-There 

two l/2-lb charge~ were pos i­

tioned at A = -3.15 in the r. 
loess material. The 1-lb-charge 

tests in loess indicated that 
Fig. 13. True crater volume aG a function 

of reduced charge ~osition the carr.ouflct depth was at a 
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AC of ahmt -S^^e    M the clay tmt&, ■ so ,iat®MifSdlat© äaptto of bisrlal 

^?ers tested Ijet^ea the scaled d^ptba of X   « »3S0 ®M X   « -3.5.   Saese 

obeefvatiosis iet^ to tha (HmeXiasift» that ordinarily SMoirfl^ts will be 

fors?4 by efeg^ge© positiosed mivh tbat X   ^ »S^g to afttörieOs that w® ■ 
8iM./Är to tbs toees aM eXsj w&lU.- te^cribed harelii« 

19*   iig®...aM slmig; of tte cisi^iifleta   Ulis gsis® of tfe© esrotsflat '»s 

detsrsised-by s^asuri^tte diameter :isa both tte teismrtol @M vertical 

dlrecticm.   Hies© date ar© llstesl to tab.1© 3.   ae gsoiastiy of ttos cn^w» 

firsts formed,. m@ .Isa sffist c©s©® atoost perfectly s^siMtrical about thepre- 
sbot ceEtci" ©f gmTitj sof tte eli»g©e   &i fig, Vi-g tlm vertical dia»tar 

1& plottM as a ftoetion of tlj® 

boriisoatel diaaater for all 

tests tbat prüänsüä-B. cs^önflat 

is botli loegg üSM clay soils« 

The l€!aiit»s<i.imrcsd e^mtion of th® 
data, plotted is, 

Dy w 0,14 * 0.9^ \ (8) 

for all iractical purposes., 

■wtii^h iiBplieg that th© shape of 

the eaasouflet is spherical. From 
Fig« lh*   Vertical dlaEefcär as a ftsnctio» .. -, .. . .,..   ^.^^^J. 

ä xt--- -i j  i-s^j  *.      plate S. it ehovM be ßoted that 

the ^.lisenaion D dees not include 
v 

the coaically slmpsö. irregularity at the apex of the caajouflst. IM®  ir- 

regularity is attribiited to the original disturbance of the soil in the 

drilling of the access hole for cSarge placement and subsequent backfilling« 

Ü3ie 3JMt9 of the accese hole sad the irregularity described cmx be s^cti in 

figs. 9 aad 10. 

20» Plates h6  aM 47 car. be used to estimate the &izi.  of a casioufiet 

resulting frosi the detonation of a given BEB charge at a specified dep-sh. 

In plate ^46, the reduced horizontal &nß. vertical diainetera of the various 

i  —_ä. 

.,1 
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cmtiov£l&tB m'& plotted as a fuflcticm of the reduceddepth pf fem-lal of the 

charge..-  A variation la the size of cafnowfltt i-snotöd as the cliarge,depth 

of burial chasges.    If thie variation, is neglected and all dimenQions of ■ 
D' and Dl are averaged,, 'then the cajsouflet sise may t& estimated by 

D' or D' « 2.27 4- Q.k v n ■ — 

vhere the spread, (quoted is for a confidence level of 95^* In tla loess 

soil, the icaxiWMa caißouflet vas noted at a X of about »8.0, Ä ßimilar 
c 

conclusion in clay i© not |K3Ssible because of the paucity of the data. In 

plate ^7, -where the reduced volumes of the essouf lets are plotted as a 

function of the reduced charge position, it is also established that the 

rmxinmm size camouflet in loe?.;o occuiTed ¥lten X is about -8.O.. 
c 

Investigation of the Perssanent Radial Displacement 

21 ^ Permanent displacements at the grouad sarface vere "■btainsd by 

pre- and postshot siirveys of tacks placed, radially about ground zero along 

four radial axes for the I«'lb tests 1» loess, fhe taeks w^re placed at re- 

duced distances (x) of 3, 5, 7,  and 9 from ground zero. Fiß. 15 shovs the 

©.so 

B'  0.08 

Fig. 15. Reduced dieplacement as a function of reduced horizontal distance 

rüsulte uf the displacement survey. The values plotted include the data 

from various charge pooltions 0 > >. i -' ~k.O.    The figures in parentheses 
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Iß 

tosote tba ixtssbsr of msMssgB ©btaiaed st tb© psrttcsitliue1 ©räisats ^ml\M5. 

gg«   Ki® ewre ®s ira,^s reirooeats tba ^Äisniai reduced iisplaesT^at 

©niäöcäst©! "»Ith thB vsrious valjies of   & *    Ä© potefc ®t iMeh tba GW'V© 

intöreeeti the X-aacie deiKJtos the out^ limit of the pl&stic soa© of 

fsitoe.    Bej'oM X ♦* 10, tlie aiMis aet@d elaeticslly*    Simllw sisaisvir©« 

mgjste reported in other orates* sttaiies "^ iKdicst© tbat for a ■mriety of 

soil ra.tisria2.iS imd for cbas'ge wsights i^p to HK) lb, the outsr liaits of tte 

plastic son® astCTd, over a rsasge of X s. 9 to X «s 17| to?^TO2s*5 eignifissat 

disptecemf^js wre essentially confiaed withjUs. the nmg® X ^ 10. 

Coaclusioai 
■WMaNWHMIMMinuiMiaMHaMl' 

23«    Slace thsss teats 'ysx8© eond^etM iai eoils that m&y be COESM- 

«red bofflogeaeous, it is believed that the scatter in the data noted for re- 

peated gbots mmt b2 attributed to e. sotarce ethsr than @oi3. property varia- 

tions»   Ifcch of th© scatter can be attributed to the smll wights of ex- 

plosives vmä mä the large^atsse clods of fmterials i^iich have & definite 

effect on apparent eratur meaüwm^nts.    It i© believed that the true era» 

ter and casouflet data represent the ©Ktent to vhish. cr«?'"'?r;lBg e^erimsntsi 

irrvclviug repeated tests uslag »sail charge velghte, ©re reproducible. 

Contrary to the general option that crater ^ildth ie tmr® consietent than 

er&ter depth, the date indicate that crater depth is a Kore reliable meas- 

ure, particularly for true crater diiaensionso 
2ke    'BUB properties of the loess and clay soils ampSoyed in these 

testa wsre siail&r to the point that differenees noted in the teat results 

could not be attributed to the distinct soil types« 
25,    Sie rarsge of charge positions resulting in forisation of con- 

ventional crater shapes (concave upward) was confined to ^silues of 
X   > -2,0 for the apparent crater aad X   £ -3*0 for the true crater. 

e c 
OasKmflets were fomsd for all charges positioned below a Xc of about -3«2. 

The range of the reduced dianteter of the cataouflet ■was 1.75 to 2.60 over 

the range of charge position from Xc <» -3.0 to Xc = -lU,C.    Tkie follovlng 

equation (10) provides a Eteajis of quickly estiissting the caiosul'let 

dieuneter In clay or loess soils vhen -3 > X   > -l^f. 
•: 

■■■ • P ft »m^^%mmimi&!migmimmsammmtmmi ^^^^m.'mm&tMfm^mXmmm 

-•——*- ■   ■ "<    -- - ,, ■ I    II  ^-.T*^.«^.« 

: 
■- -ü -~ THä -■■--m^ ' ^ -; ,= 



,     :.-■.:        ■ 

~t >a"~»^«Siij;M*if Ulrv: -^fifi^u JJ («w t;"«*! 

.27 M1'% 

moletisre 

D^ « 2.2'! c 

£6. Iliese results sre believed Msptetle 
rialSj, although variattons in th® natural 

rials may veil affect tfos cainoiiflet si2e» Kbr-ffi 

be produced in moist to wt interialst tban In tl 

Itiis increase In sise usualiy'assounts to about 

that casnouflets foriwad in hoaogeseous cofcesive n 

practical purpose©) spherical in: slmpe with rery 

27* Hssults of residual displacement meas 
ground interface indicated that no jaessurable re 

curred at ranges greater than X « 9 

tc jsost cohesive ssate«» 

content of 'ouch isaie-' 

fclly, larger craters will 

\om In the dry state, 

OAC$.    The data' -indicate 
laterials are (for all 

little assysiB'^try. 
urments along the air- 

dial displaseaent oc» 

.... .,.. .. .,,.,.■>.; >, j t,u>i,.,r.,«.,-., ■r\',< ■,..:  -,.,••-    . 
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Tnfclö 1 

Jesuits.of CretariBf X«sts in l&sss (teil 

2 
ft 

a 
„ÖL-. 

jVggaröfsx. Crater ..^.frii®'Cmte)p'- 

Shot 
go. 

5    ^t M 
n 

Charg» Tfciigfrt t iJ*j!_Sdt 
19 0 0 2.40 -O.56 SM -o.'jS ?.M -0.81 i.m 2.4Ö -0.61 • 1.10 
25 Ö 0 2.50 -0.53 2.50 -0.53 8.80 «0,79 IM a,6o -0.79 1.46. 
27 -0.5 -0.5 4.00 '0.9Ö 4.00 -0.9Ö k.ilO -I.47 ■j.4l 4.00 -I.47 6.4l 
23 -0.5 »0.5 4.00 -1.20 4.00 -1,20 f.50 <.1.4ö Ä.$6 4.50 -1.40 6.98 
?h -1,0 -1.0 k.ko =0.72 4.40 -0.T2 S5Ö ^.03 13.6 5>3ö -2.03 13.8 
so -1.0 -1.0 4.50 -O.65 4,50 -0.65 4.50 -2.07 U.k }*.50 -2.07 11.4 
22 «1.5 -1.5 6.40 -0.33 6.46 -0.33 6.00 -2.49 19.6 6.00 -2.49 19.6 
28 -1.5 -1.5 4.50 »0.58 4.50 -0.5Ö 5.00 -.2.52 17.1 5.00 -2.52 17.3. 
16 -2.0 -2.0 4.50 -0.20 k,%-- -0,30 5.00 -2.99 „19,8 5.00 -2,93 19^8 
PI -2.0 -2.0 5.20 -0.13 5.20 -0.13 5.50 -3. ^2 20.3 5,50, ■. , -3.02 20.3 
J£ -2,5 -2.5 4.00 »0.19 4.00 -0.19 5.C0 -3-52 20,6. ■5,00; ■/ -3.62 20.6 
17 -2.5 -2.5 2.70 -0.40 2.70 -0.40 6.00 -3.52 25,7 6.ÜÖ -3.52 ,;25.7 
29 -2.75 -2,75 10.0 ■tO, 04 10.0 +0.<Ä 6.00 -3.79 •23.5 . 6.0Ö -3.79 28.5 
31 -2.75 -S.75 10.0 +O.3I 30.0 *0.3X 5.00 -3.85 16.0 5,00- ". ••3.85 18,0 
33 -2.75 -2,75 9.00 +0.31 9.O0 +0.31' 5.00 -3^75 21,0 5«<X) -3J5 n.jO 
15 -3.0 -3.0 10.0 *o.70 10.0 +0/jfO 5.50 »4.10 25,6 5. so -4.10 25.6 
12 -3.0 -3.0 6.00 •M>.55 8.00 +0,55 5.00 -4.06 23,3 5.00 -*.o5 22,3 
30 «3.25 «■3.25 9.00 +0.45 9.00 *0.4S 
32 -3.25 -3.S5 9.00 +0,55 9.00 +0.55 
9 -3-5 -3-5 8.00 +0.84 6.00 +0.64 

10 -3.75 -3-75 S.OO <-0.63 6.00 +O.63 
Ik -3.75 -3-75 10.0 +0,45 10.0 +O.45 
11 4.0 -4.0 8.00 •fO.30 6.00 *C.30 
13 -J».o -4.0 9.0Ö +0,31 9.00 +O.31 
Ä0 -i*.o -4.0 4,50 +0.31 4,50 ■K).31 Cttmoun&t raag« 

1 -6,0 -6.0 6.00 +0,02 6.0«) +0.02 
a -6.0 -6.0 6.00 *o 35 8.00 +0.05 
7 -6.0 o^.O 8.00 +0.04 6.00 +0.04 

■ 

3 -0,0 »0.0 9.00 +0.01 9.00 +0,01 
8» -8.0 -e.o 8.00 +0.03 8.00 «0.02 
5 -10,0 -10.0 7.00 +0.01 7.00 +O.01 
6 -10,0 -10-0 
■,: -14-0 -i4.0 

0 0 2.20 

c 
-o.se 

hwtgtfjtej £!*:   V '? . b, C~4 

1.18 2.82 -0,94 37 2.77 -Ü.35 2-24 -0.75 2.36 
■'. 0 0 1.60 -0.20 2,26 -0.25 1,90 -0.62 0.73 2-39 -0.7Ö 1.46 
'.' -0.50 -0.63 3.00 -O.6O 3.7S -0.76 3-40 -1.21 3-77 4.28 -li52 7-54 
52 -0.50 -0.63 4.00 -OOP 5.04 -0.44 4.00 -1.33 6.4o 5.04 -1,66 12.£0 
'*7 -1.00 -1.26 3-50 -O.35 4.41 -0.44 3.7O -1.73 6.26 4.66 -2,16 12.52 
35 -1.00 -l.£S 4.00 -O.3I 5.04 -O.3I 4.00 -1,73 5.C9 5.04 -2.18 11.78 
50 -i.50 -1.89 6.00 +0.02 7.56 +0.03 4.00 -2.26 6.63 5.04 -2.07 17,26 
:* -1.50 -1.89 3.00 -O.7O 3-78 -0.66 3.00 -2.23 6.61 3-76 -2.61 13-62 
53 -2.00 -2.52 6.00 +0.12 ?.56 +0.15 3.00 -2.74 7.40 3.78 -3^5 14.80 
W -2.00 -2.52 6.50 +0.07 6.18 +0.09 3-50 -2.76 C.36 4.4l -3.48 16.72 
36 -s.oo -2.52 5.00 +0.30 6.30 +O.38 3-50 -2.78 11,1 4.41 -3.50 2S;i2 
U -2.16 -2.74 6.00 +0.67 7-56 ♦0.Ö4 .-«-, 
U8 -2.16 -2.74 6.00 +0.07 7-56 +O.09 3.00 -2.96 6.51 3.76 -3,73 37-62 
51 -2.10 -2.74 5.50 -0.02 6.93 -O.O3 3,00 -S^ gf.03 3-78 -3.T? 16.Ü6 
49 -2.50 -3.I5 6.00 +0.51 7.56 ■K>.64 
^3 -2.50 -3.I5 6.50 +o.se 6,18 -O.35 
37 -3-00 -3.7Ö 6.00 ♦0.36 7-56 ■»0.i:5 
55 -3-00 -3.7Ö 6.00 .0.26 7.56 +0.33 Oamouflrtt raage 
l»5 -3.IC -3.9O 6.50 +0.17 0.18 +0.21 
'a -3.IO -3.90 5.50 +0.26 6.92 +0.33 
36 -3-25 -4.09 6,00 ♦0.30 7.56 +0.3-6 
5(3 -3-25 -4,09 i.oo +0.27 7.56 +0.34 

Sote;    Minufl clg»i i-ofers to below original groumlj  plua algn abov-; orlgliMtl ground. 

■ 
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Itebl» 2 

-.M^rtWAH. 

SxaSSr 
m^miiiSi 

2 
ft s/wl/3 

w 
a 

ft. 

Apsarsat Crater 

JL. 

ifcoi 

Shot 
So- 

d 
a 

ft a' 

\ 

n* 

Cliar^s «si^ht;   1 J&JUÜ d 
57 0 0 3.00 "0.65 3.00 -O.65 3.00 -0.851 2.37 3.00 ^).69 2.37 
56 -1.0 -1.0 1».60 -1.30 4.60 -I.30 l-UbO -2.05 li».0 h.Qo -2.05 1^,0 

50 -2.0 -2.0 5.00 +0.W. 5.00 40.W 5.-30 -3.U £7.6 5.00 -3.11 27-6 

68 -2.25 -8.25 9.00 *0.18 9.00 40.10 6-00 -3.26 35.6 6.00 .3.26 35.6 

6y -2.50 -2.50 8.00 40.50 8.00 4O.§0 6.00 -3.59 38.6 6.00 -3.59 36.6 

70 -2.75 -2.75 7.(X> 40.65 7.00 40,gp 5.50 -3.73 33.V 5.50 -3.73 33.^ 

59 -3.00 -3.CO 7.00 *1.5ij YrOO 41.5^ 5.00 Ji.QC A9.5 5.00 -!*.05 19.5 

60 -3.50 -3.5O 7.00 40.^8 7.00 40.^ 

71 -3.90 -3.99 7-50 *0.57 7.50 40.57 

61 •4,00 -J4.00 6.00 *0.3,9 6.00 40,19 

72 -if .25 -4.25 8.00 +C.50 8.00 40,50 

T3 -!«.50 "1*.50 8.00 *0.0S 8.00 40.08 üaeoiiflot rasjgß 

62 -)K50 4.50 7.00 40.12 7.00 40.12 

63 -5.50 -S.SO 10,0 +0.12 10.0 ■lO-lE 
. 

6t -6.</> -4.50 6.00 •K>.03 6.00 40.03 

<55 ~i.m -7.00 6.00 40.03 6.U0 40.03 

66 -7.50 -T.JO 5.00 40.01 5.00 40.01 

6? -8.00 -e.oö 5.00 4O.01 5.00 40.01 

CkHiF^a S&l^hts    l/i ! lb, <W» 

7^ -5.56 -7.00 7.00 +0,01 8.81 -iO.Ol 

75 -6.35 -8.00 

•■ -7.1Ä -:>.Ö0 0 0 0 0 

78 -7-^ l^.O 5.00 40.0.1 6.30 40.01 <^SK5ul,Xat rsssts 

79 -8.33 -1/.5 0 0 0 0 

80 -8.73 »11-0 0 0 0 0 

31 -9.5: -n,5 0 0 0 Ö 

77 -9.52 -12.0 «r-M WT*. 

■ 

i 

Bote;    Hirms sign rerera to feelow original gratißdj plus elgn abovs original grotiai. 
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Sfeöt 

3S 
30 
9 

M> 
JA 
go 

n 
7 
2 
l 

k 
3 
6 
8 

JA 
^3 

37 
5 
•5 

k6 

l 

85 

■MMMMHVWV 

»10 »0 
»10 »0 

-3.85 
»3.^ 
»3.50 

«3.75 
■»#»00 
»4.00 
■4 «00 

4.00 
-ö.OD 
•4.00 
S.QO 

-20.0 
•10.0 
»lJt.0 

-s.iS 
-2.50 
-2.50 
-3.00 
-3.00 
-3.10 
-3'10 
-3.25 
-3.25 

-2.50 
~2.50 

«^.oo   kM   fe.aj   k. 
-S00_   5..13    5.S0     5. 

-3.S? 
»3»25' 
-3*59 

-3,75 

«%.oo 

"S»00 
-30.0 
-10.0 
»1^.0 

-a.75 
-3.15 
-3.15 
-3.78 
-3.70 
-3.90 
»3«90 
»4,03 
«4 ..09 

2*19 

2,52 
§,.30 
S..59 

a»3^ 

2M 

2.10 
2 »69 

a.50 
a.fe3 

i.t7 
1.7^ 
1.70 
l->?7 

1.8f 

2.00 
2.50 
s.eo 

2.38 

^«70 
2>k2 

Mm 9 %S 

1.50 
l.$0 
3. 50 
I.6S 
xM 
1.60 

1,52 
i.eo 

g.S3 

£.32 

2.5% 
2.06 
2,27 
2.30 
S.62 

2*70     S0»1 

S»fä 
2.51 

1..58 
l.§0 
1.35 
1.70 
J>* f .1 
I.65 
1.7^ 
1.5*5 
i.es 

0,69 
8.M 
6.93 

1.93 
1.30 
1.01 
2.^ 
2,?% 
2«36 
2.76 
1.Ö9 
2.^ 

6.0^ 
6.31 
6.1? 
7» 51 

7.6S 
hM 

S.76 
7.58 

s . l^ht C"h 
.MCWti'-'WIS-fti 

«5*19 
a.3^ 

2*30 
a^ 

a<.3^ 
a.32 

a.TO 
2.69 
2.55 

2,^3 

2.8^ 
' 2»3^ 
2.30 

2,00 
2.50 
g.00 

2.38 

2.70 
2.42 

2.5S 
g.JeO 

■it«   1/2 X^ C~k 

£.06 
g,08 
2,02 
£.23 
2.19 

2.23 

2,33 

1.60 
l.ß? 
1.89 
2.CA 
2.32 
2,02 
2.17 
1.91 
2.2? 

tgMSOTffiBSittt® in ikjsss Soll, C^i® Ifei^itf    1/8 2h, O-h 

-5.00 
-5.OO 

1.00 
0.95 

1.05      1.02 
1.05     1.00 

.997 

.952 
g.oo 
1.50 

aao 
2.10 

2.23 
s.26 
2.32 
2<,k6 

2,54 
2*06 

2-30 

2.^ 
2.56 
2-51 
2.^2 

1,98 
1.98 
3.^ 
St,lk 
2.3£ 
2.0® 
2..20 
^.^ 
S,30 

2.0it 
2,00 

6.13. 

7.51 
HM 
7.62 
h.kQ 
5.7^ 
S.76 

10.1 
8.18 
8.69 
8.10 
6,58 

3.Ö5 
3.S0 
3-Dg 

5.^6 
4.72 
5.32 
3-78 
5.64 

7.98 
7.62 

I 

Ifeaswasssats la Cl 

60 
71 
61 
72 
62 
65 

74 

-3.50 

-4.00 
-4,25 
-4.53 
-7.OO 

-5.56 
-9.13 
-9.52 

-3.50 
-3.90 
»4,00 
-4,25 
-4,$0 
-7.OO 

2.35 
2.30 
2.30 
2,10 
2,20 
2.09 

2.gß 
2.«i0 
2.36 
2.30 
2,38 
2,22 

2.30 
2.35 
2.34 
2.20 
2.19 
2,36 

7.17 
7,15 
6,54 
5.-6? 
5.79 
5.26 

2.35 
2.30 
2.30 
2.10 
2.20 
2.09 

2.26 
a.to 
2.38 
s.50 
2.18 
2.22 

MaaattWBBSota in Clay ßoil, CharftB Vfelght?   l/21b, CA 

■11.50     1.80 
•12.0       1.95 

1.54 
1.92 

1,67 
1.94 

2.4g 
3.4^ 

2.27 
2.1J6 

1.9^ 
2.^2 

2.30 
2.35 
2.34 
2.20 
2.19 
2.26 

C '0 
2.44 

7.17 
7.15 
6.52* 
5.67 
5.79 
5.28 

'.84 
6.68 

Sofcsi   Mtsa^s sipi ssafsrs to balo» original grounds pi«« **£& eboro orlßlnal giF^sd. 
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